Introduction
Accurate working length (WL) determination is a crucial factor for successful root canal treatment, reducing the chance of insufficient cleaning of the canals or damaging the periapical tissues from overinstrumentation (Sjögren et al., 1990 ; Ricucci and Langeland, 1998 ).
Several methods have been used to determine the WL, such as radiographs, tactile sensation, and the presence of fluids on paper points. The radiographic method described by Ingle (2002) is one of the most common and reliable methods in determining the WL. However, the accuracy of this method is argumentative, because of the radiographical failures and the different locations of physiological foramina. Custer (1918) described the first electronic device used for WL determination. Suzuki (1942) studied the use of direct current to measure canal lengths. Sunada (1962) demonstrated that the electrical resistance between the periodontal ligament and the oral mucosa had a constant value that could be measured.
Modern Electronic Apex Locators (EALs) use alternating current and detect changes in the impedance of the canal where the impedance is the ratio between the applied voltage and the resulting current in an alternating current electrical circuit (Venturi and Breschi, 2005) . EALs determine the WL by measuring impedance with different frequencies between the file tip and the canal fluid. The impedance is the smallest at the apical constriction, and has a higher value at the major foramen (Gordon and Chandler, 2004 
Materials and Methods
This study was performed at Istanbul University, Faculty of Dentistry, Endodontics Department in the Undergraduate Students' Clinic under the referee of the endodontic research assistants. A total of 103 patients were included in this study. Patients using heart pacemakers were excluded. A standardized informed written consent was signed by each of the patients. This study was conducted on the 211 root canals of 113 teeth that would undergo endodontic treatment. Of the 113 teeth, 42 were incisors, 24 premolars and 47 molars; 61 were vital and 52 were non-vital.
A standardized periapical radiograph was taken from each tooth by using the extension cone paralleling technique instrument (XCP, Rinn Corporation, Illinois, USA). Roots with periapical radiolucencies and resorptions, fractures, open apices, or radiographically invisible canals were excluded from the study. The patients' profiles, chief complaint, medical and dental history, diagnosis, and vitality of the tooth as determined by bleeding on access and WL measurements were recorded. After administration of local anesthesia, the teeth were isolated with rubber dam, and the caries and metal restorations were removed. The access cavity was prepared in such a way that straight line access to the root canals was provided, and undercuts were avoided. The pulp status (vital or non-vital) was recorded according to the presence of bleeding in the entrance of the pulp chamber, and this was confirmed by the previous electronic vitality test records. The pulp chamber was cleaned, and the canal orifices were irrigated with 2.5% sodium hypochlorite (NaOCl) solution (Wizard, Rehber Chemistry, Istanbul, Turkey), and the access cavity was dried by aspiration of the solution.
No attempt was made to clean debris or pulp tissue remnants prior to introducing a size 15 K-file (Dentsply Maillefer, Ballaigues, Switzerland) into the canals, except irrigation. Then, a periapical radiograph with a size 15 K-file within the root canal was taken to determine the WL. The distance from the reference point to the file tip that was located at 0.5 to 1 mm short of the radiographic apex was recorded as the WL.
Then, the students determined the WL electronically by the random use of three different apex locators such as Raypex4, ApexPointer, and ProPex. The EALs were used based on the manufacturers' recommendations. The lip clip was placed in the corner of the patient's mouth, and the file holder was attached to the shaft of the file. The size 15 K-file was advanced apically into the canal, then the enlarged image of the apex zone was displayed, and the duration of the audio beeps was increased. As the apex was achieved, a constant tone appeared instead of beeps and a figure appeared at '0' point on the screen. The length of the K-file at this position was measured and 0.5 mm was subtracted from this measurement according to the manufacturers' recommendations.
The individual measurements were recorded on each of the patient's chart.
The data were then statistically analyzed using the NCSS-PASS 2007 program, oneway ANOVA, and intraclass correlation coefficient at the 95% confidence level with significance set at p<0.05.
Results
Comparing the coincidence between the radiographic and the three electronic measurements, the intraclass correlation coefficient at the 95% confidence level revealed that the radiographic and electronic WL measurements were coincident in all of the root canals included in this study ( Statistical analysis showed that the radiographic and the EAL measurements were coincident for all of the incisor, premolar and molar groups, and the difference was found to be insignificant (Table 2) . With regard to the vitality status as vital vs. non-vital, the radiographic and EAL measurements in all tooth groups were found to be statistically coincident as well.
Discussion
Root canal preparation should ideally be performed to the cementodentinal junction or the apical constriction (Ricucci and Langeland, 1998; Gordon and Chandler, 2004) . Root canals that were over or under prepared and filled may decrease the success rate of endodontic therapy (Seltzer et al., 1973) . Kuttler (1955) showed that when a file tip is 1 mm short of the anatomic apex, it will be within a range at which the apical constriction is generally located. However, it is appropriate to subtract 0.5 mm from the radiological root canal length to calculate the WL as suggested by several studies (McDonald and Hovland, 1990; Weine, 1996) . In this study, the students were instructed to calculate the WL 0.5 to 1 mm short of the radiographic apex, as well.
The use of electronic devices to determine the WL has gained increasing popularity in recent years. EALs have advantages of easy and fast application, reduction of exposure to radiation, detection of perforations, safe use in pregnancy in patients with vomiting reflex, and mentally retarded patients. In the previous studies that have been conducted to test the accuracy and efficacy of different brands of EALs, it has been mostly reported that the electronic method revealed 79% to 94% accuracy, depending on the method of comparison ( Some clinical studies evaluating the efficacy of several EALs on vital and non-vital teeth reported that the pulp vitality had no significant effect on the accuracy of electronic WL measurements (Fouad et al., 1990; Fouad et al., 1993; Dunlap, 1998; Venturi and Breschi, 2005) . The results of the present study were in accordance with the aforementioned studies showing that the radiographic and EAL WL measurements were coincident in all of the tooth groups regardless of the vitality status. However, it was suggested that in non-vital cases with inflammatory root resorption, the apical constriction might be altered, which would lead to a lower accuracy (Pommer et al., 2002) . Since the root canals associated with periapical radiolucencies and resorption were excluded from this study, the results were not significantly influenced by the pulp status.
The lonely use of EALs without the preoperative and postoperative radiographs is not recommended in clinical practice due to the large variations in tooth morphology and to the medico-legal record keeping requirements (Gordon and Chandler, 2004) . The combined use of radiography and EAL for WL determination has resulted in greater accuracy (ElAyouti et al., 2002) . As was stated in a case report; when pre-or post-radiographs were not taken from the pregnant patient, healing was not achieved due to a missed and untreated root canal (Segura-Egea et al., 2002) . However, it has also been suggested that the correct use of an EAL alone could prevent the need for further diagnostic radiography for determination of WL (Smadi, 2006) .
The results of this study revealed that the overall radiographic and EAL measurements were coincident in both vital and non-vital teeth. However, these results should be interpreted within the parameters of this study, and the varying degree of clinical conditions must be taken into consideration for the need of the combined use of radiography and EAL for WL determination.
Conclusions
Under the clinical conditions of this study, it is revealed that the proper use of EALs can be considered and coincides with radiography in WL determination.
